INTRODUCTION
The mechanism by which secreting structures are able to concentrate certain constituents and dilute others presents interesting problems, particularly in such secretions as gastric juice, in which the concentration of one constituent, namely, the hydrogen ion, is a million times as great as in the fluid from which it came. The converse problem, dealing with the concentration mechanism of an alkaline secretion, is met with in the formation of the pancreatic juice. Numerous pertinent observations on the conditions and characteristics of these secretions have been made, some of which will be referred to in the course of the discussion of the results obtained in this investigation. Comprehensive reviews of the major problems discussed in this paper may be found in the monographs by Gellhorn (1929) and Babkin (1928) , and in a shorter review by Carlson (1923) . A thorough review of previous contributions to the problem will therefore be omitted and the reasoning underlying the present method of attack stated briefly.
Inasmuch as the stomach and pancreas appear to present two mechanisms of essentially opposite character, one structure serving to elaborate a highly acid secretion, the other a highly alkaline one, it seemed that a simultaneous study of the effects of various agents and conditions upon the activities of the two types of glands should yield valuable information concerning the mechanism of activity of each. In line with this thought, it would seem that a careful classification of those substances which appear in gastric and pancreatic juice respec-695
The Journal of General Physiology tively when they are present in the circulating blood of the animal, might yield important clues as to the characteristics of the structures in the glands themselves responsible for secretion. Experiments designed to yield this information have, therefore, been carried out.
The present report deals with the physicochemical characteristics of the dyestuffs which are eliminated by the stomach or pancreas, or both, after intravenous injection, and deductions from these observations concerning the mechanism of acid and alkali secretion. Numerous investigators have previously noted that certain dyes introduced into the blood appear in one or another glandular secretion. Valuable comprehensive studies on a large list of dyes have been made by Kobayashi (1926) , Dawson and Ivy (1925) , and Crandall, Oldberg, and Ivy (1929) . The first mentioned investigator confined his attentions to the appearance of dyes in the gastric juice, and found that among the dyes he studied all of those appearing in gastric juice were basic dyes, according to the usual classification. He showed, furthermore, that the concentration of the dyes in the juice roughly followed the changes in hydrochloric acid concentration. He inferred from his observations that the dye elimination and the hydrochloric acid secretion were intimately related. Dawson and Ivy, however, found, besides numerous basic dyes, one ordinarily classified acid dye appearing in gastric juice. After their exhaustive studies, they came to the conclusion that no known physical or chemical characteristic distinguished those dyes which did, from those that did not, appear in gastric juice after administration. In a similar way, with regard to the pancreas, Crandall, Oldberg, and Ivy found both acid and basic dyes as classified by the ordinary technical dye application test appearing in pancreatic juice. These investigators arrived at a similar conclusion, therefore, regarding the pancreas, since they were able to find no other physical or chemical characteristic which differentiates dyes which did, from those which did not, appear in its secretion.
In view of the fact that many dyestuffs contain acid and basic radicals in such proportion that they might easily be expected to behave as amphoteric electrolytes at the hydrogen ion concentration of blood plasma, it seemed that a reinvestigation of the dyestuffs secreted, with this in view, should be undertaken. Similarly, since many dyes are reversibly reduced in the body, and since the electron shifts involved in reduction or oxidation might alter the net charge or the dissociation characteristics of the dyes so that the chromogen might appear in the cation in the oxidized condition and in the anion when reduced, or vice versa, this characteristic of dyestuffs should also be taken into account in studies of their secretion.
From the results that have been obtained it has been possible to sharply define dyes appearing in the gastric juice in one distinct electrochemical category and those appearing in the pancreatic juice in another.
Methods
Dogs anesthetized with 50 nag. chloralose and 250 nag. urethane per kilo, injected intravenously after initial etherization, have been used in this study. It might be noted, in passing, that the barbituric acid derivatives, particularly amytal, have been found seriously to interfere with secretion in these studies, and their use was discontinued because of the high percentage of animals which failed to show adequate secretion with these anesthetics. The fundus was cannulated by tying a large glass tube into the pyloric canal. The esophagus was ligated to prevent contamination by saliva. The fundus was carefully washed with Ringer's solution and the secretion collected at intervals. The accessory pancreatic duct was cannulated and the pancreatic secretion collected continuously through a small bore rubber tube attached to the short glass cannula in the duct. Intravenous injections were made from a burette via a cannula in the femoral vein. Secretin of proven potency prepared by the method of Weaver, Luckhardt, and Koch (1926) was injected intravenously to activate the pancreas, and histamine hydrochloride was given subcutaneously, approximately 0.2 mg. per kilo, to bring about gastric secretion. The dyestuffs 1 under investigation were injected intravenously in doses of 20 mg. per kilo dissolved in 100 cc. of Ringer's fluid at body temperature. Ordinarily only one dye was tested on each preparation, although in cases where no secretion of dye occurred a second dye has been introduced in the same preparation in order to obtain confirmatory information about particular dyestuffs without extending the series of animals required more than was necessary.
The electrochemical characteristics of the dyes used have been studied by determining the direction in which the chromogen-bearing ion migrates in the electric field.
The apparatus used for this purpose is shown in Fig. 1 . The vessels A and C are filled with a concentrated solution of sodium chloride. These vessels contain the electrodes which are connected to a 45 volt source of E.~.F. The vessel B contains a 0.05 per cent solution of the dyestuff in a buffer. The bridges D and E are prepared from bent glass tubing filled with a gel prepared from a 2 per cent solution of agar in normal potassium chloride.
The solutions of the dyestuff were prepared with buffers at four different pH values, namely 1. 2, 5.0, 7.3, and 8.4 . A 0.05 per cent solution of the dye was used in all cases. If the dye was not soluble to that extent a saturated solution was used. Some dyestuffs were too insoluble to use at all at certain pH values.
Electrolysiswasallowedtoproce~dforl/2hour. At the end of this time the bridges were examined and the direction and extent to which the dye had migrated was determined.
The experiments on the dyes in the reduced condition were carried out only on those dyes which could be reversibly reduced. Reduction was accomplished by carefully adding a dilute solution of sodium hydrosulfite to the buffered solution of the dye. After reduction the surface of the solution was covered with a layer of mineral oil to exclude Mr. Dyestuffs which could not be completely reduced with sodium hydrosulfite were reduced with hydrogen and platinized asbestos. A small amount of sodium hydrosuLfite was incorporated in the agar gel to remove dissolved oxygen. After electrolysis the agar plug was forced from the bridge and the color restored by placing the plug in 1 per cent hydrogen peroxide, The characteristics of the several dyes employed are indicated in the tables of results. The color index number is given as an aid in characterizing the dye.
RE SULTS
In Table I are listed those dyestuffs which are found to be eliminated in the gastric juice, classified as to their structure, their dye application class, and as to the location of chromogen in cation or anion, according to the method described. It is to be observed that all of the dyes found to be secreted by the stomach fall into the dye application class of basic substances, except fuchsin S. It should be noted that the dye application classification is a technical one employed in the dyeing industry. According to this classification, basic dyes are those which are salts of a color base and are substantive to cotton, while acid dyes are salts of color acids and are substantive to wool in dilute sulfuric acid solution. These criteria are obviously inadequate to distinguish amphoteric or partially amphoteric dyestuffs from those which ionize so that the chromogen is exclusively in one ion. Although most dyes listed as appearing in the gastric juice are typically basic, two of them, rhodamine B, and acridine red, show by the bridge experiments that the chromogen is present partially as anion and par- fially as cation, although the dyes are both classed as basic in the technical terminology. Furthermore, three other dyes in the list behave anomalously. One, fuchsin S, ionizes with the chromogen in the anion when in a fully oxidized form, thus justifying its classification as an acid dye in that state, but shows migration of dye to both anode and cathode when reduced. The other two which are typically basic in the oxidized form when reduced are likewise partially amphoteric.
Similarly in the case of dyes found in the pancreatic juice after intravenous injection, as shown in Table II , the dyestuffs fall in both acid and basic classes, according to the usual technical dye application test. When the location of the chromogen is studied by the bridge method, however, it is seen that in each of the four dyes, fuchsin Y, acridine red, rhodamine B, and safranin O, which are basic dyes according to the technical classification, the chromogen is in reality capable of being in either cation or anion.
It is particularly significant, in connection with the fact that no typical basic dyes appear in pancreatic juice, that the dye secretion is being studied in these experiments simultaneously in stomach and pancreas, and that therefore the influence of the blood concentration of the dye is automatically controlled. Since basic dyes leave the blood rapidly it might be urged that the pancreas could not for that reason secrete them. This would be a valid argument except for the fact that at the same concentration in the blood the gastric glands are actually able to secrete them. Obviously, therefore, there is a significant difference in the behavior of the two types of secreting structures toward these dyes.
A good many dyes do not appear in either gastric or pancreatic juice after intravenous injection. As seen in Table III , these dyes fall into a wide variety of chemical classifications. It is not of particular importance to the theory that dissociation characteristics and charge determine which dyes can appear in the two juices, whether or not all acid dyes appear in pancreatic juice and all basic ones in gastric juice; the important point is that no electropositive dyes are found appearing in pancreatic juice, nor electronegative dyes in gastric juice. It should be noted at this point that a good many dyes which Kobayashi, and Ivy and his collaborators, found not to be excreted, have been found in these studies to be eliminated either by the pancreas or stomach, as shown in the first two tables. This difference in observation is to be attributed to the facts that the earlier investigators overlooked certain dyes appearing in the reduced form, and that they employed smaller dosages of dye. It has been found in these studies that certain dyes, such as fast wool blue B, which does not appear when administered at the standard dosage used in these experiments and is therefore not included in Table II , appear when the concentration in the blood is increased by administering double the dose. No increase in dosage, however, has been found to cause completely acid dyes to appear in normal gastric juice, or completely basic ones to be secreted by the pancreas.
In Table IV are presented in summary the characteristics of those seven dyestuffs which have been found to be anomalously secreted by the stomach or pancreas. Excepting these seven substances, all the dyes eliminated by the stomach are typical basic dyes with the chromo-gen in the cation, while all of the dyes eliminated by the pancreas are typical acid dyes with the chromogen in the anion. In the case of the six so called basic dyes appearing in the pancreatic juice, the two pyronines, acridine red and rhodamine B are amphoteric and are found to migrate partially to the anode and partially to the cathode between It is apparent that those dyes which are partially amphoteric would have opportunity to appear in both gastric and pancreatic juices, as they do, and that in the case of a dye whose chromogen changes its charge on reduction there is, likewise, the opportunity for appearance in either juice, depending upon the state of oxidation or reduction.
In the case of the ordinarily classified acid dye, fuchsin S, there is some question as to whether it is actually secreted by the acid forming parietal cells or by mucus secreting cells. Five experiments were carried out using this dye. In three experiments the gastric juice was faintly tinted red and in two no coloration was noted. In the positive experiments large quantities of deeply stained mucus were found in the stomach. The low concentration of fuchsin S in the gastric juice is also significant since all other secreted dyes were present in high concentrations. It is true, however, that the behavior of fuchsin S upon reduction would explain its appearance in the gastric juice, but one must then assume that reduction takes place after the dye has passed from the blood into a more acid environment since at the pH of the blood fuchsin S is present as a colorless carbinol, incapable of being reduced.
It is well known that the reduction of dyes in such a system as exists in the tissues is a relatively slow process (Voegtlin, Johnson, and Dyer, 1924) and that, therefore, the dyes which are capable of reversible reduction may logically be expected to be found partially in the oxidized and partially in the reduced form in the tissues for some time. A further investigation is being continued on this point in order to determine, if possible, the oxidation-reduction characteristics of the gland cells themselves from observations on the state of oxidation or reduction of the dyes in the secretions. Preliminary observations seem to show that the gastric glands are strongly reducing as compared with the pancreas, inasmuch as certain dyes appear in gastric juice in the reduced form, while no dyes have appeared in pancreatic juice reduced. For example, pyronine B and indophenol appear in the gastric juice in the completely reduced form and can only be detected by the addition of an oxidizing agent.
THEORETICAL DISCUSSION
Since it is found that those dyes whose chromogen is constantly present in the anion and are, therefore, electronegative are secreted only in the pancreatic juice, and that those dyes whose chromogen is constantly in the cation and are, therefore, electropositive are only secreted in the gastric juice, and since, further, all other dyes appearing in either juice are found to be either partially amphoteric or to alter the charge on their chromogen upon reversible reduction, it appears that a generalization can be made, namely, that only dyes whose chromogen is electropositive under suitable conditions appear in gastric juice and only those dyes whose chromogen is electronegative under proper conditions appear in pancreatic juice. This uniformity in the group of more than sixty dyes studied in this way could scarcely be fortuitous. Since solubility, migration velocity, and other physical properties of dyes excepting their dissociation characteristics are not related to the sign of the charge, the conclusion seems proper that factors related to the character of the electric charge determine the conditions of passage of these substances through the glands. Two major alternatives suggest themselves in explanation of these findings. They are based upon two quite different views as to the mechanism of penetration of substances through biological membranes. One is based upon the so called pore theory and the other upon the nonaqueous phase solubility concept. Specific ion permeability according to the first mechanism is due to the existence of charges on the walls of membrane pores. According to the second view, transportation across membranes is not related to conditions of ionization in the membrane phase, but depends upon the partition coefficients for various substances between aqueous and non-aqueous phases, the membrane being considered to consist of the latter--a completely continuous but perhaps extremely thin layer. In order to account for the selective permeability of specific ions by the membrane itself on this view it is possible to postulate acid and basic substances in this non-aqueous phase, in which chemical combination may account for specific solubility. On the other hand the membrane might be quite non-selective and the conditions of ionization of dyestuffs at various + H concentrations on either side of the membrane might account for distribution differences. That this latter view does not provide a universally satisfactory explanation will be shown below.
Two rather separate questions are involved in the problem at hand. The method of restraint of entrance of the acid dyes by the gastric glands, and the basic ones by the pancreas, constitutes one problem; the mode of permeation of the opposite class in each case may be looked upon as quite a separate question. As will be developed more at length below, it is possible to interpret the restraint of one electrochemical class of dyes as due to polar adsorption on oppositely charged surfaces. These surfaces may be the continuous phase of a colloidal gel of proper characteristics. A positive charge would thus restrain dye anions. Since dye cations appear in the secretion their passage must somehow be explained. Several suggestions as to possible mechanisms are given below, but it must be admitted at once that there is as yet insufficient information to permit of a positive conclusion.
Dyestuffs are well known to be substances capable of strong polar adsorption, in which they differ strikingly from small ions such as sodium or chloride (Bogue (1924) and Kruyt (1927) ). Since electronegative dye ions would be firmly bound to electropositive structures by polar adsorption and since they do not appear in gastric juice, it seems not unlikely that their failure to so appear is due to adsorption on electropositive structures.
The relation of the charge on a membrane to the conditions of passage of dyes can be observed in the following simple experiment. Collodion membranes can be impregnated with benzoic acid and the electronegativity increased. To 10 per cent parlodion in equal parts of alcohol and ether was added benzoic acid up to 4.0 per cent. Membranes were cast as previously described. As indicated in Table V both acid and basic dyes dialyze through the membrane with low or zero benzoic acid content, but with 4 per cent of the latter, basic dyes are completely restrained, while the acid dye still passes through. Since the benzoic acid increases the negative charge on the membrane it seems that polar adsorption accounts for the impermeability to positive dyes.
The benzoic acid collodion membrane is partially impermeable to inorganic anions also, since with 0.001 N KCI on one side and 0.1 N on the other an v..M.~, can be measured with calomel electrodes, with the more concentrated side negative. The magnitude is only 10-20 per cent of the theoretical maximum, which one obtains with thoroughly dried membranes (Michaelis, 1925) . In spite of this partial impermeability to salt anions the dye anions are able to penetrate. This may be due simply to the large size of the pores, or to other factors.
The important result of this experiment is to show that a charged membrane can completely restrain passage of dyes of opposite charge. A similar result is obtained with formalinized gelatin membranes. These membranes were made by pouring 20 per cent gelatin solution at about 70°C. into test tubes, allowing complete drainage, fixing the get by immersion in cold water, followed by treatment for 30 minutes with 15 per cent formalin. By placing these membranes in acid or alkaline solutions their charges were reversed, and their permeability characteristics noted. As indicated in Table VI , the acid dyes were restrained when the membrane was electropositive, that is, when the gelatin dissociated as a base, and vice versa on the alkaline side of the isoelectric point where it acted as an acid. The restraint of oppositely charged dyes was not absolutely complete in the case of these mere-branes, but the changes are sufficient to corroborate the previous conclusion that polar adsorption is responsible for the phenomenon. Bethe (1922) found such adsorption in the case of parchment membranes.
If these inferences can be transferred to the cases of the secreting structures of the gastric and pancreatic glands, it could be deduced that the membranes across which secretion occurs in the gastric glands are electropositive, while in the case of the pancreas they are negative.
The passage of electropositive dyes across a positively charged membrane into the gastric juice offers numerous problems. A completely cation-impermeable membrane should not allow any dye cations to pass through. It may be that the basic dyes do not pass through in a strongly ionized state. Many of these dyes are capable of reversible reduction and some, as noted above, actually appear in the juice in the leuco form. In this state the dyestuff has lost its strongly polar character because the imido-nitrogen is changed to amido, which has a very much lower dissociation constant. It is well known that weak bases such as ammonium hydroxide penetrate cell membranes readily while strong electrolytes such as sodium hydroxide permeate slowly if at all through the same type of membrane. Reduction of an acid dye causes no change in its polar group, consequently it would not behave similarly. Not all of the basic dyes appearing in gastric juice are capable of reversible reduction. As a class the basic azo dyes are not. It is significant that these dyes do not contain the imido-nitrogen group, and therefore do not originally have the strongly polar character possessed by dyes containing this group. Penetration of certain dyes in reduced form was noted by Brooks (1926) in the case of Valonia. Wertheimer (1923) and Amberson and Klein (1928) have studied the frog's skin in relation to dye permeation and electromotive conditions. This membrane is selectively permeable to basic dyes in the outward direction, and to acid dyes in the opposite. The charge depends upon the pH and can be reversed on passing the isoelectric points which are different for the inner and outer layers of the skin. Several other hypotheses might be advanced to explain the mechanism of permeation of basic dyes into gastric juice. As mentioned above, it is unnecessary to assume passage in an aqueous phase. Osterhout (1933) has called attention to the possibility of explaining many perplexing permeability problems on the basis of non-aqueous phase solubility. Irwin (1928) has developed a partition coefficient theory in this connection which would under certain conditions explain concentration of basic dyes in an acid secretion, and acid dyes in an alkaline secretion.
If a non-aqueous phase separates two aqueous phases, and if the dye is soluble in the non-aqueous phase, the characteristics of the two aqueous phases will determine the distribution at equilibrium. In [HD] phase, its concentration should be identical in the two water systems at equilibrium. This is true since the distribution coefficient between the aqueous and the non-aqueous phases for the case in question is C(1 -,) C1 = Kd, where C is the total concentration of dye (dissociated and undissociated) in the water phase, C1 the concentration in the non-aqueous phase, and a the degree of electrolytic dissociation in water (cf. Taylor, 1930) . The quantity of D on either side will strongly buffered and are at different acidities, the one with the higher + H concentration will accumulate little D as compared with the other. To take a numerical example let the pH of the blood be taken at 7.4 and that of gastric juice as 1.0. Since at equilibrium, if [HD] is negligible,
Thus the ratio of acid dye ion in blood to gastric juice would be about 1:0.000001. This small fraction of the amount in blood would be undetectable by our methods.
This reasoning takes no account of the undissociated fraction, however, which in some instances is large, as in the case of the azo dyes. If ~ is less than 0.9 the amount of undissociated dye at equilibrium would be amply sufficient to be detected by our methods. The degree of dissociation of many of the dyes used is much less than this figure at the pH values in question. We believe that this difficulty invalidates such an otherwise attractive hypothesis, since it will not account for all cases. The calculations for a specific case are given in Appendix I. It can be seen that at equilibrium there should be significant quantities of many acid dyes in the gastric juice, on this hypothesis. Since they are not found, the theory, at least in its simplest form, must be abandoned. There remains, however, the possibility that the rate of passage of the two classes of dyes is different. Thus, acid dyes might pass much more slowly through the gastric gland membranes than do basic dyes. This would involve a problem in membrane permeability, however, and can be considered as a special aspect of the following case.
The ability of a substance to penetrate a membrane can be considered to be dependent upon its solubility in the membrane, if the latter consists of a continuous phase. The pore concept, considered first, contemplates passage through an aqueous phase in a non-homogeneous membrane. If one supposes that solubility in a non-aqueous phase determines the conditions of passage of dyes, then there should be some characteristic which dyes that penetrate have in common. Simple solubility in lipoid solvents does not provide such a common characteristic (Ivy, Kobayashi) . The possibility of compound formation would, however, provide a basis for separation between acid and basic dyes. If this were the mechanism, one would expect the gastric mucosa to accumulate within its secreting structures, the type of dye which would penetrate into the gastric juice. As a matter of fact, the opposite is noted. Dyes which do not appear in gastric juice are accumulated in the gastric gland tissue. Likewise in the pancreas, basic dyes, which are not secreted by it, are accumulated in its cells. A serious objection to the validity of deductions from these latter observations, is that one cannot be certain of the exact histological structures responsible for secretion. If only the cell walls of parietal cells adjacent to the foveolar lumen are responsible for determining the character of materials entering gastric juice, then, of course, what materials accumulate in the rest of the cells is of no consequence. It is therefore not possible to rule out the concept of non-aqueous phase solubility as the mechanism of selective dye secretion, but it is not supported in any of our observations.
Without insisting upon the finality of the interpretation it may properly be pointed out that if the selective permeability be considered as due to electrostatic charge characteristics, certain interesting deductions follow as to the mechanism of acid secretion in the stomach, and alkali secretion in the pancreas. According to the pore theory if the secreting cell membrane in the gastric glands is positively charged it would be impermeable to inorganic cations. Mond and Hoffmann (1928) have studied such membranes and found them to behave so. Such a membrane would under suitable conditions permit passage of chloride ions into a secretion while restraining inorganic cations such as sodium.
It is altogether likely that gastric juice is essentially an isotonic solution of HC1. Hollander (1934) has shown that when fundic pouch secretion is studied the composition of the juice approaches a pure aqueous solution of hydrochloric acid as the content of organic solids present approaches zero. Extrapolating to zero protein concentration, he finds that what he calls the true parietal secretion would actually be a solution of HC1 isotonic with blood plasma. Hori (1933) has also shown that the difference between total and free acidity approaches zero, at zero protein content of juice. The fact that the parietal component of gastric juice is secreted as a virtually pure HC1 solution would seem consistent with the view that chloride is able to appear in the juice because of selective anion permeability as suggested above.
The origin of the hydrogen ion in such a system is not clear from the foregoing considerations. In a subsequent paper we will present model experiments in which it is possible to supply hydrogen ion for the chloride by a method of anion exchange. Carbon dioxide is made to combine with water on one side of a membrane impermeable to cations, the hydrogen ion resulting from dissociation remains, while the bicarbonate ion moves out of the compartment to maintain electrostatic neutrality. The work involved in the secretion of hydrochloric acid is not that of separating anion from cation, but simply that of substituting one cation for another under suitable circumstances. Jacobs and Pal'part (1932) have considered this problem in connection with the chloride shift in the erythrocyte.
Reference should be made to observations reported by Henning (1932) upon the living frog stomach, which are apparently in disagreement with the observations reported here. In a microscopic study Henning found that acid dyes strongly stained the fundus region. In this observation he confirms others already referred to.
It is obvious, however, that one should not confuse the ability of the cells to pick up the stain with their ability to secrete it. He did not collect gastric juice but tried to determine whether dyes were secreted or not by wiping off the mucous membrane of the whole stomach with pledgers of cotton. He found certain acid dyes appearing in the secretion in the stomach, and, in fact, made the generalization that only acid dyes are so secreted. He was entirely in error, however, in classifying magdala red, neutral red, and methylene blue as acid dyes, inasmuch as they are well known (Cain and Thorpe, 1918) to be basic. Furthermore, he is in complete disagreement with all other workers (Dawson and Ivy (1925) , Kobayashi (1926) , and ourselves) in finding the acid dyes, fluorescein, eosin, erythrosine, trypan blue, and Congo red secreted. He has no proof, however, that these dyes were secreted by the fundic glands, which the other workers have been concerned with, and it therefore seems likely that they were actually secreted by the pyloric glands, which have an entirely different type of secretion. It is well known that the pyloric glands secrete a neutral or alkaline fluid (Babkin, 1928) . In view of the fact that acid dyes are readily secreted by the pancreas, the typical alkali-secreting gland, it would not be surprising if the pyloric glands might do likewise. In this connection it should also be noted that the experiments reported in the present report refer to secretion under strong histamine stimulation. This excitant, as Vineberg and Babkin (1931) have shown, calls forth the highly acid non-mucous secretion from the stomach. Pilocarpine and certain types of vagal excitation, on the other hand, yield a secretion rich in organic components.
With regard to the pancreatic secretion, a picture strictly analogous to that existing in the gastric glands can be drawn. Since dye cations are restrained, it may be supposed that the membrane possesses a negative charge. Inorganic anions would be restrained by electrostatic repulsion while the cations would pass through. In this respect the membrane would behave like the frog skin, in diffusion from without in, as studied by Wertheimer (1923) .
CONCLUSIONS
I. All dyes appearing in gastric juice after intravenous injection in the dog are characterized by having their chromogen in the electropositive ion under suitable conditions.
2. All dyes eliminated in pancreatic juice ionize with the chromogen electronegative under proper circumstances.
3. The amphoteric characteristics of certain dyestuffs, as well as the changes in charge associated with reversible reduction in others, have been taken into consideration, and the lack of success of previous investigators in finding a common characteristic of dyes secreted by the gastric glands differentiating them from those secreted by the pancreas, has been shown to have been due to failure to take these potentialities of the dyestuffs into account.
4. Several possible hypotheses concerning the mechanism of selectivity to dyestuffs have been considered. Differences in distribution in acid, neutral, and alkaline phases will not account for selective secretion without postulating also specific membrane permeability. It is pointed out that the theory most thoroughly in accord with all the facts observed is based upon the pore concept. To restrain electronegative dyes by polar adsorption, the pores of the membranes of the gastric glands would have to be positively charged. Such pores would constitute an electrostatic filter, restraining from passage all mobile ions of the same charge. The anions, which in plasma are mostly chloride, could pass this barrier into the secretion. In order to have hydrochloric acid formation, anion exchange would have to occur, bicarbonate, lactate, or some other anion from the gland lumen returning to balance chloride entering, leaving the hydrogen ion from the weaker acid in the secretion. This tentative theory can also be seen to fit many of the facts of pancreatic secretion, where electropositive dyes are restrained, and alkali is secreted.
APPENDIX I
Calculation of the distribution of phenol red between blood and gastric juice, assuming an oil phase boundary in which the dye is soluble. 
i.a14
In an experimental test with this dye the predictions of the theory were verified. Thus it is apparent that great differences in dye concentration in aqueous phases of differing pH are not to be expected in the case of dyes with dissociation constants less than 1 X 10 -5. If the distribution in such a system were the sole factor involved, acid dyes should be found in gastric juice. Since they are not,
